Abstract
Introduction
Osteonecrosis of the femoral head (ONFH) is a devastating disease, which is characterized by cellular demise within the femoral head [1] , progressive deterioration of the hip joint [2] , and severely lowered quality of life [3, 4] . Although corticosteroid usage [5] , pathogenesis remains poorly understood. Currently, surgical prevention is the conventional therapeutic strategy, which is invasive and may decrease the quality of life. Therefore, the Bone marrow-derived stromal stem cells (BMSCs) have been widely used in tissue regeneration or repair due to their self-renewal potential and multi-differentiation capability [9] [10] [11] [12] [13] [14] . Preclinical study suggested that bone healing after autologous BMSCs treatment for of autologous bone marrow cells and auto-iliac cancellous bone grafts generated comparable clinical results with those of head-preserving procedures in medium-sized lesions [16] , BMSC-induced osteogenesis [17, 18] . Furthermore, P-glycoprotein (P-gp) overexpression ONFH was successfully prevented by treatment with Vitamin K2 [21] . Moreover, augment the expression of BMP-2 and BFGF in BMSCs promoted bone repair of ONFH [22] . These results suggest that multiple factors are involved in the therapeutic effects of BMSCs on ONFH, Nevertheless, the underlying mechanisms of these activities are not clearly elucidated.
cell activation, differentiation, and migration [23] ; tumorigenesis [24] ; wound healing [25] ; corneal epithelium regeneration [26] ; and tissue repair [27] . Of note, previous conditional inactivation of SDF-1 impaired osteoblast development and differentiation [31] , and antagonizing SDF-1/CXCR4 signaling altered fracture repair [32] . Furthermore, the SDF-1/CXCR4 signaling pathway is of vital importance in mesenchymal stem cell-induced osteogenic differentiation [33] , and the upregulation of CXCR4 enhanced engraftment and bone mechanics in osteogenesis imperfecta [34] . Moreover, several studies suggested that SDF-1 is closely associated with angiogenesis, which is essential for osteogenesis [35] .
in osteosarcoma [37] . Perrucci et al. reported that the SDF-1/CXCR4 axis was involved in essential for bone regeneration; therefore, it is reasonable to hypothesize that SDF-1 may play critical roles in ONFH treatment. The present study aimed to reveal the role of SDF-1 in BMSCs induced bone regeneration for ONFH treatment.
Materials and Methods
Human BMSC isolation and transfection Bone marrow samples were obtained from patients undergoing hip arthroplasty, and BMSCs were isolated following the procedures described in previous studies [21, 39] . Cells were maintained with (Shanghai, China) approved the experimental procedures.
Flow cytometry
5 for further use.
Western blot analysis
the membranes were incubated with secondary antibodies for 2 h at 37 °C. The proteins were visualized
Real-time polymerase chain reactions (RT-PCR)
OCN, and Runx2 at the mRNA level were measured with TransStart Tip Green qPCR SuperMix (TransGen -Ct was used as a reference gene. The primers for RT-PCR are listed in Table 1 . All experiments were performed in triplicate. 5 BMSCs were cultured on glass coverslips for 24 h. Next, the cell medium was observations were performed under a laser confocal scanning microscope -tion 5 GFP-BMSCs were seeded in a 24-well plate. Further, osteogenic differentiation aforementioned. were scanned, and the femoral head vessels were reconstructed. overnight at 4 chromogen-conjuncted streptavidin-conjugated HRP enzymes (Beyotime). Finally, the color was developed under a laser confocal scanning microscope (Olympus).
Cell apoptosis

Statistical analysis
Data were presented as mean ± standard deviation (SD). Comparisons between groups were performed P-value Fig. 1a ). The detected, as shown in Fig. 1b , BMSCs could be differentiated to chondrocytes, osteoblasts and adipocytes, which indicated the stemness of BMSCs. Then, BMSCs were infected with (Fig. 1c) . results of which suggested that cells were successfully transfected with the gene (
Results
endothelial cell recruitment in vitro
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© 2018 The Author(s). Published by S. Karger AG, Basel www.karger.com/cpb investigated. As depicted in Fig. 1f on cell proliferation compared with non-transfected BMSCs and GFP-BMSCs. Moreover, SDF- Fig. 1g-h ). Previous studies reported that SDF-1 was closely associated with angiogenesis and -ly higher tube formation ability than GFP-BMSCs, which was exerted in a dose-dependent manner ( ). Then, MP was used to mimic osteonecrosis in vitro. After the post-MP -).
dependent manner compared with control both in the absence and presence of MP (Fig. 2e) . Fig.  ) . Additionally, the expression of CD31, an indicator for angiogenesis, was measured. (Fig. 2h in vitro. [19, 21] . Hence, the expression of these compared with that in the control group . Their expression was attenuated by MP, . The expression of OCN and Runx2 at the protein level was in line with their mRNA level (Fig.  3d) ( Fig. 3d ).
- (Fig. 3e) . Alizarin red in a dose-dependent manner (Fig. 3f ) BMSCs promoted osteogenesis in vitro. The expression levels of p-Smad1/5, OCN, and Runx2 were increased in SDF-1 -GFP-BMSCs in a dose-dependent manner, whereas their expression in SDF-1 -GFPwas increased by SDF-1 was reversed by SDF-1 overexpression in BMSCs. (f) SDF-1 -GFP-BMSCs induced the formation of a higher number of calcium nodules than that in the control group in a dose-dependent manner which was evidenced by Alizarin red staining. Fewer calcium nodules were observed in the MP group than in the control group;
The ONFH model was successfully generated as indicated by femoral head osteonecrosis (Fig. 4a) ( Fig. 4a) . The expression levels of OCN and Runx2 were decreased by MP, and their expression at protein head tissues the femoral head (Fig. 5a ). The trabecular changes in the subchondral area of the femoral induced osteonecrosis (Fig. 5b) ( Fig.  5c) or MP alone (Fig. 5d ) osteogenesis of ONFH in vivo.
group (Fig. 6a, d ). The expression of CD31, an indicator for angiogenesis [41] , was also overexpression in BMSCs promotes angiogenesis in rats with ONFH.
Discussion
Previous studies suggested that multiple factors play roles in BMSC-induced osteogenesis [17, 19, 21] ; however, the underlying mechanism is not fully understood. By introducing the target against ONFH.
Stem cell transplantation has been widely used for the treatment of diseases , such as previous investigations, it has been found that the combination of stem cell transplantation 48]. On the other hand, BMSCs transplantation has been revealed as a promising strategy formed at least three times. regeneration, processes which are critical to the survival of newly formed bone tissues and bone regeneration [56] . Recent studies have shown that SDF-1 not only participates in cell migration, but also promotes angiogenesis in damaged and wounded tissues [57] [58] [59] . The endothelial cell recruitment in vitro BMSCs increased the vascularization and angiogenesis, as directly evidenced by angiography, can potentiate BMSCs angiogenesis both in vitro and in vivo, indicating that angiogenesis is involved in SDF-1 promotion of bone regeneration.
in BMSCs transplantation for the treatment of ONFH by promoting angiogenesis and for ONFH treatment. However, further studies are warranted to reveal the function of SDF-1 in larger animal models of ONFH.
